We have designed a new family of radioligands, 3-(amino-and hydroxymethyl)-4-(5-iodopyridin-2-ylthio)indoles, combining characteristically distinct moieties proven to impart successful binding ability in a variety of structurally diverse selective serotonin reuptake inhibitors recently published. Described in this article are the syntheses of 3-substituted 4-(5-iodopyridin-2-ylthio)-indoles, featuring successful adaptation of the modified Leimgruber-Batcho indole synthesis onto the key intermediate 1-(5-iodopyridin-2-ylthio)-2-methyl-3-nitrobenzene (6) prepared from the nucleophilic aromatic substitution of chloropyridine 7 with thiophenol 8.
Introduction
Serotonin (1, 5-hydroxytryptamine, 5-HT; Chart 1) is a prominent neurotransmitter with diverse physiological actions in both the central and peripheral nervous systems. Recent reviews have summarized on the important associations between serotonergic functions and depression. [1] [2] [3] [4] [5] Selective serotonin reuptake inhibitors (SSRIs) are secondgeneration antidepressants designed for the preferential increase of 5-HT transmission by inhibiting the serotonin transporter (SERT).
Imaging of SERT and serotonin receptor 6 in the human brain would provide a useful tool in understanding how alterations of this system relate to depressive illness and other psychiatric disorders. Radioligands like [ [12] [13] [14] Although these radioligands all serve as potent selective ligands of SERT, they bear significant structural differences from one another. In light of their successes, and in an effort to optimize structural contributions for better SERT binding, [15] [16] [17] [18] [19] we have designed a new type of radioligand, 4-(pyridin-2-ylthio)indole 5 (Chart 1), as a hybrid combining various structural moieties characteristic of these potent inhibitors.
The designed target compound 5 is synthetically challenging due to the lack of available methodology for the formation of heterodiaryl sulfides, specifically the 4-thioindole units. We selected the Leimgruber-Batcho indole synthesis 20, 21 as the key step in converting precursor 6 to indole 5 for its mild reaction conditions and potential regiochemical control in the synthesis of 4-substituted indoles (see Figure 1 for retrosynthetic analysis). The key intermediate 6 was prepared by the nucleophilic aromatic substitution of chloropyridine 7 with thiophenol 8. Subsequent Vilsmeier formylation, followed by reductiveamination and/or reduction gave rise to an array of 4-(pyridin-2-ylthio)indoles.
Results and Discussion
2-Chloro-5-iodopyridine (7) (Scheme 1) was prepared as previously reported, converting commercially available 2-aminopyridine (9) to 2-amino-5-iodopyridine (10 22 ) with periodic acid and iodine, followed by halogenation, upon formation of the diazonium salt, to give 7 23 in 41% yield. Preparation of 2-methyl-3-nitrothiophenol was successfully achieved by the process outlined in Scheme 2. Diazotization and subsequent hydrolysis of aniline 11 afforded phenol 12 in excellent yield. Treatment of 12 with dimethylthiocarbamoyl chloride in the presence of KOH provided thionocarbamate 13, which was then thermally converted to thiocarbamate 14 under the Newman and Karnes conditions. 24 Hydrolysis of 14 afforded thiol 8 with a trace of disulfide byproduct 15.
Chloropyridine 7 and thiol 8 were subsequently used as starting materials in the preparation of 4-(pyridin-2-ylthio)-indole analogues as shown in Scheme 3. The iodo moiety of 7 precluded the use of metal catalysts for the coupling of 7 with 8, but the coupling reaction proceeded to give the desired sulfide 6 quite nicely when heated in a sealed tube under N 2 in the absence of a metal catalyst. Unfortunately, under these conditions we also obtained disulfide byproduct 15, which turned out to be extremely difficult to be separated from the product 6. In the coupling reaction of of 7 with 8, interestingly, the addition of triphenylphosphine not only prevented thiol 8 from the formation of disulfide 15, but also permitted to use the mixture of thiophenol 8 and disulfide 15 as a suitable starting material under these conditions.
The modified Leimgruber-Batcho indole synthesis (Scheme 3) was attempted under a variety of conditions. Our first effort, which utilized acetic acid as solvent in the reduction step, afforded the desired indole 16 as well as acetyl derivative 17 and thiophene 18 as by-products. The structure of 18 was confirmed by spectroscopic data, including 2D-HETCOR NMR and mass spectrometry (a possible reaction mechanism for the formation of thiophene is shown in Scheme 4). A subsequent attempt using HCl/EtOH as solvent gave only trace amounts of the target product 16 and some unidentified residues. After a considerable number of trials, an 1 : 1 mixture of AcOH/EtOH was found to be optimal solvent system, which dramatically suppressed the formation of byproducts. provided the desired product 16. Formylation of 16 via the Vilsmeier reaction yielded aldehyde 19, which was subsequently taken for either reductive-amination or reduction to give 3-aminomethylindole 20 or 3-hydroxymethylindole 21.
Conclusion
In conclusion, we have successfully synthesized a series of 4-(pyridin-2-ylthio)indole derivatives for serotonin transporter imaging agent evaluation. Addition of triphenylphosphine in the coupling reaction of 7 with 8 effectively prevented disulfide formation. A modified LeimgruberBatcho indole synthesis was successfully conducted with the key intermediate 1-(5-iodopyridin-2-ylthio)-2-methyl-3-nitrobenzene (6) . The heterodiaryl sulfide chemistry utilized in this synthesis could be useful for the preparation of other novel bioactive compounds. The biological evaluation of these sulfide analogues will be reported in due course.
Experimental Section

2-Amino-5-iodopyridine (10).
A mixture of 2-aminopyridine (2.06 g, 21.9 mmol), acetic acid (14 mL), water (3 mL), sulfuric acid (0.42 mL), and H5IO6 (1.05 g, 4.6 mmol) was allowed to stir at 80 o C for 15 min. Iodine crystals (2.28 g, 9.0 mmol) were added in portions. After it was stirred for 1 h, the reaction mixture was poured into saturated sodium thiosulfate solution and extracted with ethyl acetate. The organic layer was separated, dried (Na 2 SO 4 ), and evaporated to give 10 (3.13 g, 65%) as an orange solid: 
